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1. AUTHORIZATION

Congressional authorization of the Morrison Creek Stream Group Project is contained in a
May 8, resolution of the House CommiRee on Public Works. Svveral Morrison Creek1964
hydrology studies have been conducted since the congressional authorization. Results from the
Corps of P.ngin~xs’ two primaxy hydrology studies are found in ~M~n Creek Stream
Group, Californian, Hydrology Design Memorandum, July 1985 ~ce 1); and in
~¢Iond_son Cre~k Stream Group, California’, Reconnaissance Level Hydrology, September
1993 (11~ference 2). Itsfere.nce 2 updates the hydrology in Re£~nce I.

2. PURPOSE AND SCOPE

This is a feasibility-level hydrology report that presents the results of two compumr
models- H~C-1 and DWOPER. The HEC-I model encompasses the Morrison Creek Basin
above Lambert Road. The accuracy of the H~C-I model was choked by reconstituting the
:lanuary 1995 flood. The HEC-I model accummly reconstituted all of the observed 1995 flood
hydrographs, and was used to compum existing and future condition synthetic flood

flood for Morrison Creek below Creekhydrographs. Computed synthetic hydrographs
and for B~ach/Srone Lakes local wer~ used in the DWOP~R model.

The DWOPF_.R mod~ encompasses the North Delta, including ti~ B~’M~/S~one Lak~ and
~owvi~w/Pock~ areas. The DW’OP~R. mod~ compumd existing and fumm condition
synthetic flow and stage hydrographs throughout the North Delta. Tim compumd stage
hydrogmphs at B~tch Lalm wer~ used a~ the downsrrmm boundary of a ~ model of the
Morrison Cr~.k Basin. The compumd synthetic flow hydrographs ~zom the HEC-1 model also
wex~ used in the ~ model, which computed existing and ~mm condition synthetic
floodplains that we.re ~nvenmri~d for damage.~bIe propexty. The ~ model and the
compumd floodplains wiI1 b~ discuss~ in a s~aram document.

A risk-based analysis was conducmd to comput~ e~is~ng and ~umm condition e~XlX~cmd
annual damages and lev~ ~liability. The r~ults of the risk-based analysis will be used to
formulat~ Morrison C~k proj~t f~amms. With-project hydrology will b~ addr~sed ~ the
project features ar~ identified. ~ report add~s~ withour-pro~c~ hydrology only.

3. ])ES~ B’I~ROLOG¥

A. Bas;r, Description

The Morr~son Cr~k Basin is locatsd in Sacramento County, prima~y southeast of the City
o~ Sacramento, as shown on the Gene.~l Map (Char~ 1). Morrison ~ b.as ~ principal
tributaries- ~d~, ~nionhous~, and Laguna Cr~ks, and sueral smaller tribumri~- Florin and
Ge..rber Cr~ks (tribumx~! to ~dex Cr~k), Strawberry Cr~k (tributa~ to ~nionhous~ Cr~),
and Whitehouse, 1::rye, ~k Grove, and ;acinro Cz~ks (tributary r~ Laguna Cr~k). Morrison
C~’~k drains into the Sacramento-San ~’oaquin D~Ira via Be.~ch and Stone Lakes, Snodgrass
Slough, and the l~okslumne Rive~’.
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modified by residential, industrial, and agricultural dev¢1opment. Th~ vegetation today is
characteristic of the Ce, ntml Vall~y- scattered oaks and willows, various types of brash, marsh-
type growths along waterways, and native and planted grasses. Vegetation in th~ lower
Mofrison Creek subbasin is characteristic of forest land. Th~ par n andmarsh h gher
ground supports willows, cottonwoods, oaks, and an understory of vines and shrubs. The
water and shoreline areas support de, use growth of cattails, rules, and water weeds.

E. Climate

1. Te~xatm’e

The climat~ in the Morfison C.zvek Basin is semiarid and re, tape.to with hot, dry summ~’s
and cool, damp winters. Temperature records for Sacramento begin in 1877. The maximum
and minimum recorde~l temperatm’es are 114 and 17 degrees Fah~nhoit, ~espectively.
Ave~go monthly temperatures for downtown Sacramento a~ shown in Tabl~ I.

2. Precipitation

Normal Annual Precipitation (NAP) ranges from 15.5 inches in the lower Stone Lak~ are~
to 20 inches in the Morrison Cre~k headwaters. Chart 5 is an NAP map of the Morrison

Predpitation falls gcner~11y as and tardy as snow the Winter.Basin.
Predpitation records for Sacramento begin in 1849. Annual precipitation (/uly I to June 30)
in downtown Sacramento ranges from a low of 4.71 inches in 1850-1851 to a high of 37.49
inches in 1982-1983. Average monthly predpitation ar the downtown Sacramento and
Executive Airport gages is shown in Table 2. Historic 24-hour precipitation at these and four
other gages in the Morrison Creek Basin is shown in Table 3.
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Table 1
Average Monthly Temperatures, degrees Fahrenheit

~anua~ 46.1,

February 50.9

1Vfarch 54.4

April 59.6

May 65.3
Yun~ 71.3

Yuiy 75.9

,,August 74.9

S~pt~mb~ 72.5

October 64.5

November 54.3

De~mbe.r 47.0
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Table 2
Average tV[onthly Precipitation, inches

Downtov~ Executive
Month Sacramento Airport

~’am~-y 3.76 3.64

February 3.23 2.80

March 2.37 2.18

April 1.45 1.35

My 0.46 0.42

Yune 0.13 0.10

~’uly 0.03 0.04

August 0.05 0.06

September 0.21 ’" 0.20

October 0.92 0.98

November 2.00 2.16

December 3.17 2.94

Annual 17.78 16.87

|
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Table 3
Historic 24-hour Precipitation, inches

Dov~ow~ Ex~a~w    Eagl. N~s~ P~.~o Elk C~ov~
Dat~ Sa~ramonto Airpo~, Road Cordova Gerber Roa~ F~h Hatcheay

12-13 Oot 1962 5.07 5.59
.......20-21 laa 1967 3.12 3.41

25-26 ]’an 1969 1.46 1.46

27 Feb 1973 2.11, . . 1.81 . I     ..
18-19 Feb 1980 1.69 1.56

4-5 I-- 1982 3.50 ~.35 4.25 3.30 3.09 2.79

12-13 Mar 1983 2.63 2.09 2.41 2.83 2.10 2.40

24-25 Dee 1983 2.85 2.23

16-17 Feb 1986 3.64 3.01

9-10 fan 1995 4.47 2.54 5.36 ....... 3.9~0_0, ~ ,

F. Storm Characteristics

Major flood-producing storms over central California generally are storms that originate
between 30 and 50 degrees north latitude and develop a moist air influx at about the latitude of
the Hawaiian Islands. The moist air mass lifts and cools as it moves easterly over the coastal
mountain ranges, and the moisture condenses and falls as precipitation. This orographic lifting
effect combined with the lifting effect of converging air masses accounts for the majority of
precipitation in the Sacramento area.

G. Flood Characteristics

Large floods in the Morrison Creek Basin occur during general rain storms. The flood
hydrographs typically have steep rising limbs, high peak flows, and slow recessions for one or
two days. Large floods occurred in 1952, 1955, 1958, 1962, 1963, 1967, 1969, 1973, 1982,
1983, 1986, and 1995. The peak flow of record at the United States Geological Survey
(USGS) stream gage on Morrison Creek near Highway 99, 2730 cfs, occurred during the
Febnmry i986 flood. The drainage area above the gage is about 53 square miles (40% of the
upper Morrison Creek subbasin), and has both rural and urban areas. The gage was
discontinued in i987 and was reestablished by the County of Sacramento near Florin Road
sometime later.. The number of recorded peak flows since 1987 is unknown, although a peak
flow of 4000 cfs was estimated during the Ianuary 1995 flood using recorded stage data.
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Charts 6 alld 7 show peak and volume the Theflow-fi’equen~, gage,Ivspectively.
~uency curves were constructed from flows r~corded between 1960 and 1987, and should be
updated to inc.lude the flows ~c.orded between 1988 and 1996, if available.

Much of the stonnwater nmoff from the area above the gage is pumped into Morrison
Creek. The area above the gage has a fast rainfall-runoff time of concentration, as indicated
by the steep rise of recorded nmoff hydrographs, and wilt g~t faster as urbznizafion inc.~eases
and more pumps are added.

Mon’ison Creek floods are affect~ by large flows in the Moke.lunme River, which cause
high stages in Snodgrass Slough. Flapgates on the downstream side of the Izmbert Road
bridge stn~cmre clos~ whea the stage in Snodgrass SIough downstream of Lamb~ Road is
highex than the stage upstream of Lambert Road. The flapgates prevent Mokelunme River
backwater from flowing upstream, but also prevent Morfison Creek runoff from draining into
the Delta.

Mokelunme River backwater flows over Lambert Road into B~ch and Ston~ Lak~ during
floods. A ~ volume of Cosuumes River water flows nort~ the

~t side of Frank~ Bo~ to South Stone Lak~ just north of Lamb~ Road during ra~ro
thau-50-yea~ floods. Water pond~ eastward as the stage ~ in B~ach and Stone Lake.
Flooding occurs ~t of Inte~mt¢ 5 when the culverts under Int~stat~ 5 b~corn~ filled with
water, preventing local nmoff from draining. About 37 of the 49 squar~ mil~ in the lower
Morrison Cr~k subbasin ar~ ~ of Inte~tat~ 5.

Ho Stream and Pre~plt~fion

Sacramento County has implemented a flood ale,~t stream monitoring system complet~ with
telemetry and a modemoaccess~ database. Strum stage and flow data, and precipitation data
ar~ available at s~veral ga~es in the Morrison Cn~k Basin. Data from th~ ~a~es w~ used
with the HEC-I model of the basin to reconstitute the Yanuary 1995 flood. Chart 8 shows the
location of the stream and pr~ipitation gages. Table 4 shows historic peak flows a~ some of
the stream gag~s.
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5. !~C-1 MODEL

A. January 1995 Flood

1. Precipitation

The accuracy of the H~C-1 model was checked by reconstituting the January 1995 flood.
Th~ H~C-1 model contains precipitation, loss rates, unit hydrographs, base flow, muting
parameters, stations, and trans-basin flows.pump

Recorded precipitation depths at 11 of Sacramento County’s precipitation gages were used
to construct an isohyetal map lanuaxy 8-11, storm (Chart Ii). ii wasof 1995 used

to distribute the recorded precipitation depths over 10 Morrison Czeek subareas. The Eagles
Nest Road, Rancho Cordova, Stockton Boulevard, Elk Grove Fish Hatchery, Alpine Frost
Drive, Branch Center, and Praire City p~cipitation gages were used for th~ time distribution
of the precipitatiqm Table 5 lists, for each of the subareas, the precipitation depth and which
precipitation gages were used for the time distribution. Tho precipitation gages were weighted
equally when more than one gage was used for the time distribution.

2. Loss Rates

Loss rates were selected so that all of the observed flow hydrographs would be
reconstituted accurately. The initial, losses ranged from 0.I inches in urbanized areas to 0.7
inches in unurbanized areas of F_/der Creek. The constant loss rates ranged from 0.01
inches/hour in urbanized areas to 0.1 inches/hour in unurbanized areas of Unionhonse Creek.

3. Unit Hydrographs

The Clark method was used to compute unit hydrographs in all of the subareas in the HEC-
1 model. Clark Tc +R values were taken from Char~ 12, which was consl~’ucted from the
reconstitution of the [anua~ 1982 Morrison Creek flood (see Reference 1). Lines 1-5 of
Chax~ 12 indicate the different response times of the subareas in the Morrison Creek Basin.
The response times of most of the subareas were defined by lines i and 4, which are for urban
and agricultural areas, respectively. Lines 3 and 2 are for steep and steeper agricultural areas
with densely packed clay, respectively. Line 5 is for agricultural areas subject to extensive
surface storage. The ratios R/Tc+R=0.45 and R/To+R=0.35, which were adopted for the
~’anuary 1982 flood reconstimtion, were used with the Tc +R values taken from lines 1-4 and
line 5, respectively, to compute Tc and R values for all of the subareas. Tc and R values for a
subarea with both agricultural and urban land were computed by weighting the agricultural and
urban and R values the of and urban land in the subarea. TableTc by proportion
6 shows the Clark Tc and R values.
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Table $
January 8-11, 1995 Precipitation Depths, inches

Sub~rea D~ Distribution iii

~orrison Cree~ above E~ Grove- 5.1 Pra~ City,
Florin Road Rancho Cordova, iii

Mon:ison C~ Mow ~ Grove- 5.5 S~n Boulevard,

~lde.r C~ above Brad~w Ro~ 4.8 S~n ~~d, "

~ ~ ~eem B~w and 4.7 S~n ~~,
G~vr Road ..... ~p~¢ Frost Drive

~ C~ b~ow G~r Road ’ 5.5 Stockton Boulevard,
. . ~p~e Frost Drive

~a Creek ~ove ~gl~ Nest 3.4 ~gles N~ Ro~
Road

~ Cr~ betwc~,n ~gles Nest 4.1 ~lvs N~ R~ ( Iand Bond R~

~a Crvek Mow ~nd Ro~ 4.9 ~ Grove P~ I
..... ~tch~

Flo~ Creek 5.5 Stoc~on ~~ I
U~o~ouso C~ 5.5 St~on ~0~,
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Table 6
Clark T= and R Values

....... Morrison_Cr~

Subarea Drai~ge Area. Iinet Tc R

MC35 0.91 4 3.4 1.9
MCI5 0.26 4 2.0 1.6
MC20 1.13 4 3.2 2.6
MC25 0.61 4 2.5 2.1
MC05 4.51 4 5.2 4.3
MC10 2.83 4 4.4 3.6
MC40 0.26 4 2.0 1.6
MC45 0.87 4 3.4 1.9
MC50 6.27 4 6.4 5.3
MC55 0.83 4 2.9 2.3
MC30 2.43 4 4.2 3.4
MC60 4.79 4 5.4 4.4
PMP116 0.15 I .88 .72
PUIVIP66 0.82 I 1.7 1.4
582530 0.91 4 2.9 2.4
582630 0.98 4 3.0 2.5
582240 0.61 I 1.5 1.2
582631 0.43 1 1.3 I.I
582730 0.53, 1 1.4 1.2
PUMP96 2.58 1 2.6 2.1
583510 0.39 1 1.3 1.0
583520 0.52 i 1.4 1.2
583310 1.17 1 1.9 1.6
PMPD33 1.50 1 2.1 1.7
583220 1.33 1 2.0 1.7
582930 2295 1 2.7 2.2
583221 0.51 1 1.4 1.2
PMPD45 0.63 1 1.5 1.3
570530 0.36 1 1.3 1.0
PMP128 0.79 I 1.7 1.3
PUMP89 2.00 4 2.4 1.9
472430 3.12 4 4.6 3.7
Numbered lines in Chart 12
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Flor~n ¢~

Subare~      Drainag~ ~ Lin~~ T~ R

~7~o 0.~ ~ ~.~ ~.~
,,~70~0~ ,~ 0.7~ ~ ~.~ ~.~ .........

~~ C~k

Sub~ D~ge ~ ~ Tc R

782810 3.29 3 4.0 3.3
~0630 9.82 3 5.8 4.9
671130 4.90 5 8.1 4.3
671630 L74 ~ ~.7 3.0
6~920 2.~ 5 6.7 3.6
6~921 5.91 5 8.6 4.6
6~930 3.47 4 4.8 3.9
23635 0.59 4 2.6 2.1
~99 1.53 � 3.6 2.9 ("
5~711 2.05 4 2.5 L9
5~710 0.96 4 3.0 2.5
EGI 1.61 4 3.6 3.0
HG2 0.34 4 2.1 1.7
~1 1.01 4 3.0 2.5
EG3 0.84 1 1.8 1.4
EG4 0.57 1 1.5 1.2
EG5 0.69 1 1.6 1.3
HG6 0.97 4 3.0 2.4
~ 2.0 4 3.9 3.2
5722~ 0.76 4 2.8 2.2
5~120 1.70 4 3.7 3.1
5~020 0.72 4 2.7 2.2
571~0 ,, 0.58 4 2.~ 2.0

1 Numb~r~ ~ ~ Ch~ 12
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Elder Creek

Subar~ Drainag~ Ar~ Lin~~ Tc R
(sq.m~.)

~82730 3.73 2 3.6 2.9
683210 1.29 2 2.5 2.0
670610 2.78 4 5.0 4.1
670631 0.36 4 2.1 1.7
670330 1.48 4 3.5 2.9
670530 2.34 4 4.1 3.3
670531 1.03 4 3.1 2.5
571120 1.57 1 2.2 1.8
570910 1.23 1 2.0 1.6
PTIIVIP67 1.31 1 2.0 1.6

Unionhouse Creek

Subaxea Drainage Area Tc R
(sq.mi.)

571030 1.39 1 2.1 1.7
6~410 3.35 4 4..7 3.9

571530 0.4.8 4. 2.3 1.9
P~69 1.71 1 2.2 1.8

1
n
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(~. mi:),,        , ...... ’ .....
5729~ 1.o6 4 3.0 2.6
472510 1.19 4 3.3 2.7
472610 0.75 4 2.8 2.2
~0 0.83 4 2.9 2.3

560740 1.91 4 3.8 3.1
46o210 1.g 4 3.7 2.9
461310 2.78 4 4.4 3.6
561720 15.49 4 8.0 6.6
s61830 2.58 4 4.3 3.5
563010 5.71 4 5.7 4.7
463520 7.~1_ ........... 4 ......... 6.3 ........ 5.2

1 Numbered lines in Chart 12

4. Baseflow

A review of historic flows indicated that a basoflow of 3 cfs p~r square mile is appropria~.

$. Routing Parameters

a. Modified Puis

Modified Puls and Mnskingum muting parameters were used to route flows through natural
and improved channels, respectively. The Modified Puls parameters wero developed from
ttEC-2 backwater computations, which underestimated the overbank storage in reaches where
the cross-sections did not extend far enough. Supplemental Mnskingum routings were added
in these reaches to simulate the effect of additional overbank storage.

b. Muskingum

The Muskingum routing parameters were dg~,eloped from calibrations of the routing effect
in the improved reach of Morrison Creek betwem Elk Grove-Florin Road and the USGS gage
(see Roferenc~ 1). The optimiz~ Muskingum parame~rs- one muting step, K=0.8, and
X=0.2, were used for improved 2-mile reaches in the Morrison Creek Basin. Larger K values
wer~ used for longer improved reaches. Chart 13 is a routing diagram that shows the location

14
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of the Modified ~ and Muskingum routing reaches, and Table 7 lists the Modified Puls and
Muskingum routing parameters.

6. Pump Stations

The 20 pump stations in the l~orrison Creek Basin were modeled using Modified Puls
and outflow values. The Modified PuB se.lected be than theStOl"~(~ St~l"fl~e~S W~’~

actualpump station sump storages to elLm~te oscfi]a~g flow comput~ions, without
cora~mJsh~g the accuracy of t~v computations. The l~Iodified Puls ouffiows are the pump
station outflow cai~c~fies. The failure of the p~mp station Jn the Valley Hi an= was not
modeled because pendL~g L~figat~on pz~cIuded tl: ~ of detailed inf~ about thv
pump st~on. Table 8 lists the Modred Puls sto~g~ and ou~ow ~alues for each pump
st~on.

Table 7
Routing Parameters

mx~¢ (~.t~ o .~
flo~ (ct’s) 0 3

~(~ 0 4.~ ~
~(~ 0 ~ ~$

~ (d~) 0 1~

~ (~ 0 ~
~(~) 0 210 410 ~

~(~ 0 14~ ~

~e (~ 0 47 ~

~(~
~1 2~ 4.4

~(cf.) 0 ~ 110 170
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7. Trans-basin Flows

Overland trans-basin flows have been observed at seve.~ locations in the Morrison Creek
Basin during large floods, including the ~’anuary 1995 flood~ The trans-basin flows
modelvd by diversion ratings which we.~ d~veloped from estimates of channel capa~itivs.
Table 9 i~ a list of the diver,.on ratings, a~d ~ 13 ~ows the l~tion of ~e diver$i~.

,~ Lak~ Tdb to /nflow 0 740 I~0 2000 1~0
Fol~m S~m C~zl Div=-~ flow 0 0 2~0 ~

M~risca Cr ~ Inflow 0 423 10C0 2900 I0000
Maztz~ Lako Tr~ to Divmz:d flow 0 0 ~/7 ~ 9577

M~z:~ I.~k~ Tn~b ~o Div~ flow 0 0 ~ I~70

Ma~z" Dm~ z~z~’~ ~ 0 370 ~0 10~0
b~z:z" Air Fc~o Divm=d flow 0 0 ~ ~0 1130

~mi~m Ct Io¢~I Inflow 0 I00 1~0 ~
gPow~/~m Rd to I)iv,:~ flow 0 0 0 $0 350

~ Cr at latlow 0 ~0 ~0 b’71 $12 1067
~ C~ai~ Diwr~=d flow 0 0 L~ 51 167 25~ ~0~

Uak~ho~m C~

~me.~o¢ ~.d ~o Divc:e~ flow 0 0 171 IN

L~t, mm Cr ,,~ ~ 0 $00 $75 1~4. 1675 2150
Cemml Cdl/amia Divez~:l. flow 0 0 9 177 324 $7$ 14"77
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Tim H~C-1 mode./accurately reconstRuted all of the observed )’anuary 8-11, 1995 flow
hydrographs. Chart 14 shows the computed hydrographs versus the observed hydrographs at
seven of Sacramento County’s stream gages in the Morrison Creek Basin. Table 10 shows
computed peak flows throughout the basin during th. ~’anuary 8-11, 1995 flood. Th~
computed peak flows include the effect of two detention basins- a dual purpos~ flood
control/water quality detention basin on tlm middle fork of Strawberry Crock just east of

Rai]zuad, and a flood control demntion basin on Unionhous¢ Creek b~tw~nSouthernPacific
Power Inn Road aitd Stockton Boulevard. The HF~-I model was decmod accurate and was
used to compute existing and future condition synthetic flow hydrographs throughout the basin.

Table 10
~anuary 8-II, 19,$ Peak Flows, cfs

MORRISON CREEK

MCCi0 .Tact:son ~                                        20.91 19.~0

~S~19 CC2"ILR 2~.~ 2O6O

MOlt Abv. ~’~ w! ~ 4~ 4140

IW..OR Mou~ 4..~6 660

......... ~U.ZR cztZX
6~3219 Br~Jzbaw ~oed 4..9~ 6"70
670619 CCTRR 7.77 S~

~/09~ Fmaglia ~ 17.09
HLD~R ..... .Abv. Ja~, w/M~ , 21.6~

~3S ~ (whbo~ ov~tlow) 3.$2 $20

67~39 A~, J~.rSon w~ 4.85
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distribution of all of the 7-day general rain storms, and are shown in Table 11. One-hour incremental
precipitation was determined using Table 11 and was positioned in a skewed triangular pattern with the mod"
intense precipitation occurring on the second day. This precipitation distribution was selected because the
~ulting syntheti~ peak flow-frequency curve clo~.ly approximates the analytical pe~k flow-fx~lUency ~u’ve
at the USGS gage on Morrison Creek (Chart 15). Chart 16 shows the adopted incremental precipitation
distribution.

The 7-day ptec~itation depths for all of the general ra~ storms were disU’ibuted over 11 Morrison Cre~
subareas based on the ratio of the subarea’s NAP to the total basin NAP. Table 12 list~ the subarea~ and
7-day precipitation depths.

100-year Precipitation Depths, inches

Duration(h0urs) Depth

2 ~1.48

6 2.46

12 3.30

24 4.38 ’

48 6.19

72 7.10

96 7.68

’ 120 8.15

144 8.50

168 8.84

24.
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Table 12
Subarea 7-day Precipitation Depths, inches

Subarea 10- 25- 50- 100- 200- 500-

, year ,, year year year year y...eax

Morrison Creek above F_.IE Grove- 5.80 6.84 7.59 8.29 8.99 10.99
Plorin Road

~rdson Cr~Ic below ~ Grove- 5.40 6.37 7.07 7.72 8.38 10.24
Plorin Road

l~dex Creek above 8.08 8.77 10.72Bradshaw Road 5.65 6.67 7.40

Hldex Creek between Bradsh~w and 5.51 6.50 7.22 7.88 8.55 10.45
Gerber Roads

k’Ider Creek below Gerber Road .~ . 5.40 6.37. ..7.07 .... 7..72 8.38 10.24

Laguna Creek above F.agles Nest 5.87 6.92 7.68 .8.38 9.10 11.12
Road ~ ,

Laguna Creek betweem P.agies Nest 5.57 6.57 7.29 ..7..96 8.64 10.56
and Bond Roads

Laguna Creek below Bond Road 5.40 6.37 7.07 7.72 8.38 10.24

Florin Creek         , 5.40 6.37 7.07 7.72 8.38 10.24

Unionhouse Creek 5.40 6.37 7.07 7.72 8.38 10.24

Be~, ch,-Stone Lakes Ares 5.40 6.37 7.07 7,.,72 8.38 !0.24

2. Loss Rates

’rge t,,I~ri.~n Creek Basin was divided into tl~eeland ~ to det~min~ ~e initial losses in the b~-
urban, ~ and native vegetation. A subarea with both rural and native vegetation land types we.re
weighted by the proportion of each land type in the subarea to obtain an average initial loss. Table 13 shows
the adopted initial losses for each land type and for each synthetic flood. The initial losses wer~ estimated
from flood reconstitutions (see Rvferenc~ 1) and from approximation of the analytical peak flow-frequency
curve at the USGS gage on lVIorrison Creek (Char~ 15). The future condition initial losses are less than the
~xisting condition initial losses because a greater proportion of land is clar~ed as urban. The constant loss
rate was between 0.01 and 0.03 inches/hou~ for the existing condition fl .o~Is, and was 0.01 inches/hour for
the future condition floods. These low constant loss rates are confirmed by field observations that indicat~
the soil is demsely packed and wet throughout the rainy season. Beach and Stone Lakes were modeled as
impervious areas to simulate rain falling on water.
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Urban 0.4. 0.35 0.15 0.1 0.1 0

Rural 1.2 0.85 0.55 0.4 0.4 , 0

Native 2.0 1.35 1.0 0.6 0.6 0
.vegetation

s. UnR Hydrographs

The Clark Tc and R-values in Table 6 were used to compute existing condition unit hydrographs for
subareas in the Morrison Creek Basin. The Clark Tc and R values in Table 14 w¢~ used to compum the
future condition unit hydrogra_phs. Subareas where land use remains unchanged have the same Tc and R
values for both existing and future conditions. Subareas tha~ are developed have different Tc and R values.

|

-~.
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TABLE 14
Clark Tc and R Values

Future Condition

Morrison Creek

Subarea Drainage Area Linet Tc R
(sq.

5.63 1 3.4 2.8MC60
PMP116 0.15 I .88 .72
PUM~66 0.82 1 1.7 1.4
582530 0.91 1 1.8 1.4
582630 0.98 1 1.9 1.4
582240 0.61 1 1.5 1.2
582631 0.43 1 1.3 1.1
582730 0.53 1 1.4 1.2
Pr.DAl:’96 2.58 1 2.6 2.1
583510 0.39 1 1.3 1.0
583520 0.52 1 1.4 1.2

PMPD33 1.50 1 2.1 1.7
583220 1.33 1 2.0 1.7
582930 2.95 1 2.7 2.2
583221 0.51 1 1.4 1.2
~ PMPD45 0.63 1 1.5 1.3
570530 0.36 1 1.3 1.0
PMP128 0.79 1 1.7 1.3
PUMP89 2.00 4 2.4 1.9
472430 . 3.12 .4 ., 4.6 3.7

I ..... Florin Creek

Subarea Drainage Area Line~ Tc R
(sq. mi.)

583540 1.90 1 2.3 1.9

I 570220 0.65 1 1.5 1.3
570320 0.69 1 1.6 1.3
570420 0.58 1 1.� 1.0

1 l~umbered lines in Chart 12

|
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|

Subarea Drainage A~ea Line~ Tc
, (sq.,, mi.), , , , ,

782810 3.29 1 2.9 2.3
70630 9.82 1 4.2 3.4 ¯
671130 4.90 1 3.3 2.7
671630 1.74 1 2.3 1.8
672920 2.7 1 2.6 2.2
672921 5.91 i 3.5 2.9
672930 3.47 1 2.9 2.3 1
23635 0.59 1 1.5 1.3 1
~W99 1.53 1 2.1 1.8
572711 2.05 1 2.4 1.8 []i
572710 0.96 1 1.8 1.5
EGI 1.61 i 2.2 1.8
EG2 0.34 1 1.3 1.0
~G1 1.01 1 1.8 1.5
EG3 0.84 1 1.7 1.4
EG4 0.57 1 1.5 1.2
EG5 0.69 1 1.6 1.3
EG6 0.97 1 1.8 1.5

2.0 1 2.4 1.9
572240 0.76 1 1.7 1.3
5~120 1.70 1 2.2 1.8
572~0 0.72 4 2.7 2.2
571840 0.58 4 2.5 2.0

1 Numbered lines in Chart 12

|

D~0 3 5 7 9
D-003579



Elder Creek

Subarea Drainage Area Line* Tc R

682730 3.73 1 3.0 2.4
683210 1.26 1+42 2.0 1.6
670610 2.78 1 2.6 2.2
670631 0.36 1 1.3 " 1.0
670330 1.48 1 2.1 1.7
670530 2.34 1 2.5 2. l
670531 1.03 1 1.8 1.5
571120 1.57 I 2.2 1.8
570910 1.23 1 2.0 1.6
PUMP67 1.31 1 2.0 1.6

Unionhouse Creek

Subarea Drainag~ Area Line* Tc R

,,,, (sq.mi.) , ,,, ,,, ,,
671220 1.72 1 2.3 1.8
571030 1.39 1 2.1 1.7
672410 3.35 1 2.9 2.3
571540 2.42 1 2.5 2.1
571530 0.48 1 1.4 1.1
PUMP69 1.71 i 2.2 1.8
PUMP68 0.37 I 1.2 1.0
PMP139 0.96 I 1.8 1.4
571720 0.55 1 +42 2.3 1.8
Numbered lines in Chart 12
Avexag¢ of values on lines I and 4

I
I
I
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Beae.h/Stone Lakes

Subare~      Drainage Are~ Line~ Tc R
(sq. mi.)

1572940 4 1.9 1.51.06

.
463520 7.61 4 6.3 5.2
1 Numbered lines in Chart 12
2 Avem_ge of values on lines i and 4

I !

4. Basetlow

The baseflow is the same as for the 1anuary 1995 flood recons~t~u~on- 3 cfs per square mile. 1

5. Routing Parameters 1
eon~on synthe~ ~oo~. Opfim~d Mns~ng~m parameu~ (Se~on 5.A.5.b) were u~ h~d 1
Modred Pu~ pamme~.,~ to rou~ ~e ~mre ~n~fion syn~efi~ ~oods ~.rough ~harme~d reaches
Sacramento County officials projected will exist by the year 2045. The projected ehannelized reaches inI
T~ 15 represent ~11 chanrte~z~on. The a~ ¢hanne~x~ reaChes in ~e year 2045 w~ depend on the !

D--003581



Table 15
Projected Channelized Reaches

Morrison Creek bdow Mather Drain

Florin Cr~k below the Southern Pacific Railroad

Elder Cree~ below 3100 feet downstream of Exce~or Road

Gezt~r Cz~.k bolow Ge~er Road

Unionhouso Cz~.k below the Southern Pacifi~ Railroad

Strawberry Creek below the Southern Pad_tic ~

Laguna Czeek below Eagles Nest Road

Elk Grove Cz~e.k below the Southea-a Pacific Railroad

6. Pump Stations

The Modified Puls stozage and outflow values in Table 8 we~ used to mute the existing and futuro
condition synthetic floods through each pump station.

7. Trans-basin Flows

The diversion ratings in Table 9 were used to modal overland trans-basin flows for the e~isting and futur~
condition synthetic floods.

a. Synthetic Flood Hydrographs

Existing and future condition synthetic flood hydrographs were developed throughout the Morrison Creek
using the precipitation, loss rates, unit hydrographs, base flow, muting parameters, pump stations, andBasin

trans-basin flows in this section. Computed synthetic flood hydrographs for Morrison Creek below Laguna
Creek and for Beach/Stone Lakes local were used in the DWOPER model of the North Delta to determine
flow and stage hydrographs throughout the North Delta (Section 7). Tables 16 and 17 list computed existing
and future condition peak flows throughout the basin, respectively.

|
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b. 10-year 800 cfs Limits

The I0--year 800 cfs limits for the existing and future condition synthetic floods are listed in Table
Only stream reaches below the 10-year 800 efs limits are eligible for Federal sponsorship of a flood
improvement project.

Table 18
1{}-year 800 cfs Limits

, 10-~tear 800 ¢f~ Limit

Existing Condition Future Condidon

Morrison Creek Below Mather Drain Below Mather Lake Trlb

Mather ~ T~b None , ,, Non~

Mathe,r Drain,, , None Fo~om South Canal
Flori~ Creek None N’on~

LaCuna Creek Ea[[les Nest ~ Ea#e~ Nest Road

Elk Grove Creek ~one Below ~ Grove-Florin Road

Elder Creek: ..... Cente~ Parkway Bradshaw Rtmd

Gerber Creek None Below Cennal CaLifornia
Traction Railroad

Stmwberr’/Creek None None

~nionhouse Cree~k .... Below Strawberr~ Creek Below Stra~, r~ Creek

6. FUTURE FLOW MITIGATION

The County of Sacramento will mitigate furore condition peak flows on Morrison Creek and its tributaries
where they cross the Sacramento City-County border. The County will mitigate by diverting runoff into
several detention basins throughout the Morrison Creek Basin. Diversion typically wiLt begin between the
County’s existing condition 10- and 25-year water surface elevations. Significant mitigation typically wilt
begin and end at the County’s existing condition 25- and 100-year peak flows, respectively. Ram furore
condition peak flows will be unmitigated since the detention basins will be overwhelmed. The County and
Corps existing and future condition HEC-I models of the Morrison Creek Basin have differences, as
indicated by the different computed peak flows in Table 19. The County’s F.lder Creek peak flows are
pw.liminary, and will be finalized after adjusting the diversion rating from Laguna Creek to Gerber Creek.

The County included the detention basin and channel improvement projects that are shown in Table 20 in
their existing and future condition HEC-1 models of the Morrison Creek Basin. The Corps of Engineers
included only a dual purpose flood control/water quality detention basin on Strawben’y Creek (part of the
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I Table 19
Comparison of County and Corps Computed Peak Flows, cfs

Existing Condition Future Condition

Mitigation

Morrison USGS gage 2880 2860 3560 3410 3600 4610 4260 5450

Ploz~n Highway 99 610 580 760 680 790 680 860 800

Elder      Highway 99     1280     1400      1850       2110       1830       2850       2450       3470
"’
Unionhouse Highway 99 600 620 740 740 820 710 910 860

Strawberry I~ghway 99 I000 600 1230 780 llf0 740 1410 860

Iacinto Mouth I"K) 160 250 200 260 200 340 250

Laguna Downstream of
Elk_Cyro~.v,~Cr, 2250 2600 ,29,80 ,3430 2930 ~5860 3680 7160

Table 20
Sacramento County Detention Basin and Channel Improvement Projects

l {
Creek Detention Basin (~mnel Improvemen~

Morrison,, Miners Part A AFmex~ Part A

~Ider/C-erber

Unionhonse Price Club Price Club

Strawberry Drainage Master Plan- Hood Closing Reach Improvements

laeinto Drainage Master Plan- Water

Upper Laguna

Lower Laguna B,ypa~., Channel

Wlfitehouse Upper Reach Improvements

E~v ~rove Dr’~n~e Master Plan-

I

I
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Strawben’y Creek Drainage Master Plan) and a flood control detention basin on Unionhouse Creek (part of
the Pric, o Club project) in their existing and future condition HEC-1 models of the basin. The Stmwbexry
and Unionhouse Cre~ detention basins were modeled using the County divezsion ratings in Table 9. The
diversion ratings overestimate the pe~ flow reduction for floods that ovezwhelm the detention basins, and do
not ret~ra dive~d water to Strawberry and Unionhouse Creeks. However, the diversion ratings do not
significantly affect the computed peak flows in potential project reaches, nor th~ computed volumes in the
Beach/Stone Lak~ area. The detention basins should be modeled using Modified Puls storage-outflow

The Corps did not include any other County projects in their existing and future condition HEC-I models
because at the beginning of this feasibility study they still had not been constructed, and wheal or if the
projects will be constructed is unknown. The Corps included the projected chann~ reaches (Table 13) in
their future condition HEC-I model to simulate a worst-case future condition.

Chart 17 shows the exis~ng condition, the future condition, and the future condition (with mitigation)
peak flow-frequency curves at the seven mitigation index points in Table 19. Each future condition (with
mitigation) peak flow-frequency curve was constructed by plotting the County’s ~xis~ng condition 2.5-y~r
peak: flow on the Corps’ futur~ condition peak flow-frequency curve, plotting the County’s existing condition
100-year pea~ flow on the Corps’ existing condition peak flow-frequency curve, and drawing a line between
th~ two points. Each future condition (with mitigation) peak flow-fre~:luency curve follows the Corps’ future
condition peak flow-frequency curve for peak flows l~ss than th~ County’s existing condition 2.5-year pea~
flow, and for peak flows greater than the County’s existing condition 100-year peak flow.

7. DWOPER MODEL

A. Overview

The DWOPER model of the North Delta includes the Beach/Stone Lak~ and Me~lowview/Pock~t ar~s.
The computed existing and future condition synthetic flood hydrographs for Morfison C~,k below Laguna
Creek and for Beach/Stone Lakes local (Section 5) were used in the DWOPER model to determine flow and
stage hydrographs throughout the North Delta. The computed stage hydrographs at Beach Lak~ were used at
the downstream boundary of a UNET model of the Morrison Creek Basin, Computed existing and future
condition synthetic flood hydrographs throughout the basin (Section 5) also we, m used in the UNET model,
which computed existing and furore condition synthetic floodplains, and computed stage-frequency carves at
several index points for a risk-based analysis that will be used to formulat~ Morrison Cre~ project features.

Several lev~ breach locations throughout the North Delta and along the North Beach Lak~ Levee were
identified from surveyed levee crown elevation data. Two levee failure scenarios were modeled to determine
the impacts on stage, s in the Beach/Stone Lake, s area- failure at levee crowns and failure 2.5 feet bdow levee
:rowns. The latter failure scenario was selected because 2.:5 feet below the North Beach ~ L~ee crown
~ above the February 1986 stage of 14.2 feet MSL at Beach Lake, and the levee held in 1986. Two type, s of
~oods were modeled- Morrison Creek specific floods (with concurrent Delta flows), and Delta specific floods
"with concurrent Morrison Creek flows). The riming of the, se floods was patterned after the riming of the
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February 1986 flood.

Eighteen levee br~ach loczdons were identified on iVf~~koWiUiamson Tra~ l0 on N~w Hope Trot,
5 on Glanvillo Tract, 4 on Tyler Island, 6 on Staten Island, 6 on Canal Ranch Tract, 5 on Brack Tract~ 3 on
Bouldi~ Island, and 2 on the North Beach La~ Lev~. DWOPF_~ simulat~ overtopping at ~om~ of
locations because when breaching was simulated a ~onv~ging solution to the unsteady flow equations ~ould
not be reached. Th~ numb~ of breaching and overtopping locations is dv~ndant on thz type of flood
(lVIorrison Creek or Delta specific, existing or future condition), tho ma_gnimd~ of the floo~l (10-, 25-, 50-
year, etc), and th~ levee failure scenario (failure at levee czowns or 2.5 feet below levee erowns). The
breaches generally reach~ 200 feet wide in 12 hours, and failed down to the landside grade. These breach
parameters were selected because similar breach paramete~ we~ obsexved during the February 1986 levee

The east~n levee of the Sacramento River adjacent to Beach Lak~ would fail and flood Beach Lak~
during rarer-than-150oyear floods. The areas protected by the North Beach Lak~ and Sacramento Regional
Wastewater Treatment Plant Levees would flood, and flow from lVIorrison Creek and its tributazies would be
impeded. However, Sacramento River and Morrison Creek/Beach Lake floods usually a~ not coincident
because of the areal dis~bution of rainfall and the diffez~nt flood w~ve travel times. A coincidence analysis
should be completed to determine the probability of the Sacramento River Levee failing during lVIorrison
CreekfBoach Lake floods. Failure of the Sacramento River Levee was not included in the DWOPER model,
but will be included if the coincidence deems that the isanalysis probability largeenough.

Ch~ 18 shows the location of all of the cross-sections in th~ DWOPER model. The upstream
boundaries of the model are Morrison Creek below Lagurm Creek, the Cosumnes River below Twin Cities
Road, the Mokelumne River below Dry C~’eek, and Stone Lak~ local above Lambert Road. The downstream
boundary of the model is Georgiana Slough at the Mokelume River. The Lambert Road bridge structure has
flapgates on the downstream side, a low chord elevation of 9.9 feet MSL, and a deck elevation of 11.2 feet
MSL.

B. Specific B~orrison Creek Floods with Concurrent Delta Flows

Reference 2 describes how the same concurrent Delta flows (February 1986 flows) were modeled with
10-, 25-, 50-, 100-, and 500°year specific Morrison Creek floods, and how the computed Beach and Stone
Lak~ stages might be artificially high for the smaller specific Morrison Creek floods. Reference 2 also
recommends that a detailed concurrency analysis be conducted at the feasibility level to determine more
appropriate concurrent Delta flows. A detailed concurrency analysis was conducted during this feasibility
study and is explained below.

Streamflow data at four USGS gages° Morrison Creek near Sacramento, Cosumnes River at Michigan
Ba~, Mokelumne River at Woodbridge, and Dry Creek near Galt were analyzed to determine appropriate
concurrent flows during specific Morrison Creek and Delta floods. The streamflow data of the Cosumues
River at Michigan Bar were translated below Twin Cities Road, an upstream boundary of the DV~OPER
model, by multiplying by 1.26, the approximate ratio of flood hydrographs during the February 1986 flood.
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The streamflow data of the Cosumnes River below Twin Cities Road, the Mokelunme River at Woodbridge,
and Dry Creek near Gait were combined to reflect a total Delta flow. Peak annual, and maximum annual 1-,
3-, and 7-day flows were compiled at the four USGS gages and at the "Delta" gage for water years (October
1 to September 30) 1960-1987, the period of record of the Morrison Creek gage.

The dates of the peak annual and maximum annual 1-, 3-, and 7-day flows at the Morrison Creek gage
were recorded, and the concurrent 1-, 3-, and 7-day flows at the Costtmnes River and ~Delta" gages were
identified. The concurrent peak flows were estimated using the eoneurr~t I-day flows aria peak/I-day flow
correlations. Tables 21-23 contain the specific Morrison Creek flows and the concorrent Cosumnes River
and Delta flows for the peak, 1-, 3-, and 7-day durations, respectively.

~on lines relating the specific Morrison Creek flows to the concurrent Cosuranes River and Delta
flows were developed for the peak, 1-, 3-, and 7-day durations using the flows in Tables 21-23. The
regression lines had correlation coeff~ents ranging from 0.75 (peak duration) to 0.87 U-day duration), and
were used to predict concurrent Cosumnes River and Delta flows from a specific Morrison Creek flow. For
e~ample, concurrent Cosumnes River and Delta 100-year 7-day flows of 19,020 and 37,440 efs weae
predicted from the specific Mon’ison Creek 100-year 7-day flow of 1260 efs. Concurrent Cosumnes River
and Delta flows we~ predicted from specific Morrison Creek flows for 10-, 25-, 50-, i00-, 200-, and 500-
year floods and for the peak, 1-, 3-, and 7-day durations. The specific Morrison Creek flows were taken
from Charts 6 and 7, the Morrison Creek peak and volume flow-frequency curves.

The concurrent Cosumnes River flows were multiplied by 1.26 and were subtracted from the concurrent
Delta flows to obtain concurrent flows of the lVIokelumne River below Dry Creek, an upstream boundary of
tim DWOPER model. The concurrent flows of the Mokelumne River below Dry Creek were adjusted to
re.fleet spillway flows from Camanehe Dam. The objective release from Camanehe Dam is 5000 efs, but
spillway flows occur during rarer-than-50-yesr floods. The concurrent flows of the Mokelumne River below
Dry Creek were increased by estimates of the spillway flows for the 100-, 200-, and 500-year specific
Morrison Creek floods.

C. Specific Delta Hoods with Concurrent Nlorrison Creek Flows

The dates of the peak annual and maximum annual 1-, 3-, and 7-day flows at the "Delta" gage were
recorded, and the concurrent 1-, 3-, and 7-day flows at the Morrison Creek gage were identified. The
concurrent peak flows were es~mated using the concurrent 1-day flows and a peak/1-day flow correlation.
Tables 24 and 25 contain the spool.fie Delta flows and the concurrent Morrison Creek flows for the peak, 1-,
3-, and 7-day durations, respectively.
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Table 21
Morrison Creek near Sacramento

Maximum Annual ~’lows, cfs

WATF_.I~
~1~,~ PEAK, DATE l-DAY ,, DA,,TE 3-DAY DATE 7-DAY DATE
1960 347 2/8 197 2/8 157 2/8 94 2/5
1961 168 1/~’1 80 1/31 61 1/31 48 1/29
1962 985 2/10 859 2/10 570 2/9 448 2/9
1963 1320 10/14 10/14 677 10/13 320

1000.

1964 628 1/20     305 1/21 204 1/20 110 1/20
1965 1040 12/23 790 12/23 524 12/22 308 12/21"1966 298 11117 140 1/30 96 1/30 66 1/29
1967 1500 1/21 99t 1/22 505 1/21 397 1/21
1968 394 2/21 219 1/30 104 1/30 60 2/16
1959 1610 1/26 1110 1/20 820 1119 623 1/20
1970 1110 1/16 609 ,, 1/21 , ,403 1115 ~ 317 1116
1971 1200 11/29 664 11/29 375 11/28 267 11/28
1972 348 12/25 176 12/25 124 12/25 96 12/22
1973 1380 2/27 724 1118 573 1116 377 1/12
1974 682 11/17 283 12/1 187 12/27 125 1/14
1975 946 2/13 523 2/13 270 2/12 191 2/8
1976 307 8/15 95 4/8 52 4/8 31 10/25
1977 304 1/2 113 3/16 54 3/16 27 12/30
1978 1330 1/14 992 1114 801 1/14 535 1/13
1979 979 1/15 630 1/15 337 1/14 229 1/11
1980 1440 2/19 824 2/19 521 2/19 451 2/16
1981 503 1/27 295 1/27 244 1/27 124 1/23
1982 2520 1/5 1940 ’i/5 1030 1/4 500 12/31
1983 1840 3/13 1380 3/13 707 3/12 404 1/24
1984 1530 12/25 1190 12/25 717 12/24 358 12/24
1985 597 10/11 339 2/8 144 2/8 81 11/7
1986 2730 2/17 1830 2/17 1763 2/1~ 1240 2/16

I
1
1
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Table 22
Cosunmes River at Michigan Bar l

Flows Concurrent with the Maxdmnm Annual Flows of Morrison Creek near Sacramento, efs

196o 1"1200 2/8 6300 2/8     d! 17 2/8 2199,, 2/5
1961 144 1/31 .1.06, 1/31 . , !16 1/31 II1 ~ mm
1963 9o62 i0/14 5750 i0/14 ~-:09 10/13 1326 10/i2

1965 37500 i2/23 29500 i2r23 19263 12/22 i1773 12/21
i966 197 11/17 i520 1/30 1012 1/30 647 1/29 l

1968 3685 2/21 1200 1/30 1097 1/30 1587 2/16
1969. 17224 1/26 _ . 13200 1/20 1400"7 1/19 9270 1/20

1970 13224 1/16 11 300 1/21 7283 1/15 7610 1/16 m
m1771 5213 11/29 2920 ii/29 1734 li/2z 24T9 il/2~

1972 38~0 i2/25 3050 12/25 ~ 783 12/25 1213 i2/22
1973 4302 2/27 4560 1/18 5820 1/16 ,&ql 9 1/12
1974 2225 11/17 2920 12/1 3300 12127 2946 1/14
1975 4261 2/13 2220 2/13 1607 2/12 2044 . 2/8 m
1976 7 8/L5 132 4/8 151 4/8 LT5 10/2$

1977 24 1/2 56 3/16 52 3/i6 47 I2/30

1978 5580 1/14 3190 1/14 3990 U14 3375 1/13 m
m1979 3323 1/15 1530 1/15 1079 1/14 1425 I/11

1980 21234 2/19 14700 2/19 12113 2/19 7804- 2/16

1981 2425 1/27 870 ...1/27 1450 i 1/27 710 ..

1982 24906 i/5 17400 1/5 9727 1/4 5739 12/31

1983 26100 3113 ~18400 3/13 11077 3/12 7169 1124

1984 ~I 9R00 12/25 11900 12/25 Z0077 i2/24 8223 i2/24 m
mm1985 50 i0/11 2990 2/8 1909 2/8 2~2 , i1/7,

1986 d,~l 00 2/17 3,~100 2/i7 32967 2/17 20521 2/16

1987 1950 2/13 1040 2/13 426 2/11 577 2/11 m

Z¢otes: 1. Peal flows are estimates, except for me flows in big bold which are observed.
2. Flows in big bold are the maximum annual flows.
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Table 23
Delta Flows Concurrent with the Maximum Annual Flows of Morrison Creek near Sacramento, cfs

WATL~

Y~AR PEAK DAT~ 1,-DAY DAT~ 3-DAY DAT~ 7-BAY DAT~
1960 1_~893 2/8 9138 2/8 688~; 2/8 3510 2/5
1961 519 1/31 468 1/31 506 1/31 46~ 1/29
1962 12094 2/10 808~ 2/10 5003 2/9 ~-/22 2/9
1963 12955 10/14 8306 10/14 4142 10/13 2081 10/12
1964 3566 1/20 5266 1/21 4911 ~20 3364 ~2o
1965 62g0~ L2/23 47989. 12/23 31643. ~ 19184 12/21
1966 3989 11/17 3595 1/30 2574 1/30 1834 1729
L967 9731’ 1/21 1/22 8521 lt21 5793 1/2116381
1968 6436 2/21     1777 1/30 2345 1/30 2632 2/16
1969 32711 . 1/26 18755 1/20 20130 1/19 18568 1/20
1970 22056 1/16 ,, 19784 1/21 13190 1/15 14282 1/16
1971 8514 11/29 5100 11/29 3278 11/28 4773 t 1/28
1972 7~12 12/25 ~;380 12/25 3313 12t25 2188 12/22
i973 7860 2/27 10218 1/18 12181 1/16 9804 1/12
1974 6478 11/17 5374 12/1 7242 12/27 5813 1/14
1975 7260 2/13 5382 2/13 3723 2/12 4635 2/8
1976 24 8/15 179 4/8 202 4/8 1353 10/25
1977 77 1/2 101 3/16 97 3/16 99 12/30
1978 10327 1/14 6144 1/,14 7732 1/14 6074 1/13

1979 5950 1/15 3185 1/15 2300 1/14 2773 1/11
1980 36137 2/19 24938 2/19 24741 2/19 16145 2/16

1981 3615 1/27 1527 1/27 3018 1/27 1442 1/23

1982 57916 1/5 39380 1/5 22169 1/4 13673 12/31

i983 57 4~8 3/13 36712 3113 24279 3/12 16637 1/24

1984 12/25 25048 17422 12/2438072 12/25 21411 12/24

1985 749 10/11 4940     2/8     3~81     2/8 lO19 11/7

1986 "    93713 2/17 66230 2/17 62443 2/17 39789 2/16

Notes: 1. Flows before water year 1965 do not include regulation by Carnancbe Darn.
2. Flows in big bold are the maximum annual flows.
3. All flows are estimates.
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I
Table 24 "-

Delta Maximum Annual Flows, cfs

WATER

1961 1956 1,1/10 733 11/10, 582 2/2 468 1129
1962 ., 12094 2/10 10891 2/15 8859 2/14 67~,8 2/10
1963 , 60042 2/1 . 41752 2/1 222,08 2/1 , 13680 ,1/31
1964 10802 1/22 7876 1/22 5501 1/21, . ,336~, ,. 1/20
I965 62805 12/23 47989 12/23 31643 ..... 12/22 1999,8 12/22 1
1966 5287 12/29 ~4046 12/31 3628     12/29, 2331 1
1967 32015 1/22 16381 1/22 8812 ’ 1129 6129 5/17
1968 6680 2/20 5099 Z~I 4666 2/20 3615 2/20 1
i969 37i39 ~21 300~8 1/21 22988 ~20 18568 ~.0 !
1970 28636 1/21 20432 1/22 17437 hr2l 14282 1/16
1971 14389 3/26 8568 3/26 6922 3/26 5311 11/29 I

l1972 7512 . 12~., 5380 12/25 3313,. I2/25. .... 2267 !2/23
1973 24740 1/1,6 15999 1/12 12151 1/16 9804 1/12
,1974 14866 3/2 10578 4/2 8927. , 3/2 7o78, + 3+ 1
1975 18717 3/25 12083 3/25 8563 3/25 6365 3/22
1976 2059 !0/29 ,1,867, 10/31 1823 10/31 1783 10/30’
I977 894 iul 382 ix/1 229 10/30 156 10/30 ....1
1978 12005 3/4 !1411 3/5 8752 1/15 6236 1/14
1979 10970 1/11 9982 2/23 9170 2/21 6573 2/191980.’

. 48681 1/13 32368 1/14 2474,1. ,, 2/19 , ,17482 1/12., 1
1981 8589 3/25 5691 3/26 4205 3/25 3103 3/20 1
1982 72588 2/16 48700 2/16 28358 2/15 17265 2/15

1,,9.83 , ¯ 51458 3/13 ,, , 36112 ,,3,/13 25327 3/13 17725 3/12 1
1984 38072 12/25 28874 12/26 24965 12/25 17401 12/25 1

1985 11787 2/8 4940 2/8 3581 2/8 2053 2/8
1986 93113 2/17 66230 2/17 62443 2/17 39913. . 2/15 1

1I qf~’7 4’7"14 "~lfi,    , 400Cl ~1~ ?’)qO "4lq ~ 413"1 ~1"11

~otes: 1. l~lows before water year ~965 do not include regulation by Camanche Dam.
2. All flows are estimates. ¯

I

I
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Table 25
Morrison Creek near Sacramento

Flows Concurrent with the Maxinmm Annual Delta Flows, e.fs

YEAR PEAK DATE 1-DAY DATE 3-DAy D~TE 7-DAY DATI~
1960 347 2/8 197 2/8 1~;7, 2/8 81 2~

I~62 ~ ,,2/lO 71~ 2/~ ~I Z~l~ ~3 2/IO
1963 1110 ,, 2/I 691 2/1 305 2/1 211 1/31
1964 521 ~ l ~ ~ .... 198 1/21 11o u~
1965 1040 z2/23 790, ~2r23 ~;24 12/22 3o4 12/22
1966 204 12/29 45 12/31 70 12/29 31 IU15
1967 1473 1/22 991 1/22 42,$ 1/29 .... 7 ........ 5/17

,1968 258 ,I 2/20 125 2/21 , 97 2/20 51 2/20
1969 1151 ,1~,I 725 I~i 780 1/20 (~23 1/20

197.0 ,. , 1011 1221 314 1122 ..... 347 1/21 317 1/16
I971 382 3/26 89 3/26 40 3/26. 249 11/29

i972 ~ 12r74,, 176 ~z,2s 12~ 12/25 87 12/23
1973 L 990 1/16 592 1/12 ~73 1/16 , ,377 1/12

1,97,4 430 3/2 , 99 4/2 68 3/2 46 3/2
1975 435 3/25 L~3 3/28 4S 3/25 51 3/22
1976 27 10/29 30 10/31 15 , 10/31 15 10/30

1977 5 11/i 5 11/1 4 ..... 10/30 5 10/30

1978 752 3/4 296 315 642 II15 57__5 1114

1979 693 1/11 207 2/23 306 2~2, 1, 182 2/19

1980 757 1/13
.475.

,1].14 621 2/19 331 1/12

1981 343 3/25 50 3/26 42 3/25 49 3/20

1982 740 2/16 385 2/16 305 2/15 , ,!46 2/15

1983 ’1840 3/13 1 ~80 3113 668 3/13 403 3/12
1984 1 ~30 12/25 390 12/26 580 12/25 284 12/25

1985 468 2/8 339 2/~ 144 2/8 68 2/8
1986 2730 2/17 1830 2/17 1763 2/~7, 1205 ,, 2/15
lq~7 ~64 3/6, 190 "~/~ . . 1~ "~/5 , . ,41 3/11

Hotes: 1. Peak flows are estimates, except for the flows in big bold which are observed.
2. Flows in big bold are the maximum annual flows.

Regression lines relating the specific Delta flows to the concurrent Mordson C~eek flows were developed
peak, 1-, 3-, and 7-day dm’ations using the flows in TabIes 24 and 25. The regression fines had

correlation coefficients ranging from 0.78 (1-day duration) to 0.88 (3-day duration), and were used to predict
concurrent Morrison Creek flows from specific Delta flows. Concur~nt Morcison Creek flows were
predicted from specific Deita flows for 10-, 25-, 50-, 100-, 200-, and 50G-year floods and for the peak, 1-,

and durations. The Delta flows taken from Chart 19 which contains Delta flow-7-day spgcific w~r~
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frequency curves for the peak, 1-, 3-, and 7-day durations. Specific Cosumues River flows were taken
Chart 20 which contains Cosumnes River flow-frequency curves for the peak, 1-, 3o, and 7-day durations.
Table 26 shows the peak, 1-, 3=, and 7-day specific and concurrent flows at the upstream boundaries of the
DWOPER model for the 10-, 25-, 50-, 100-, 200-, and S00-year floods (existing and future conditions).

D. Boundary Hydrographs

I. UpsU-eam

Th~ Cosumnes and Mokelumne River upstream boundary hydrographs we, re constructed by reshaping the
Febnmry 1986 hydrographs of the Cosunmes River at Michigan Bar and Dry Creek near Gait, respectively.
The reshaped hydrographs are 10-, 25-, 50-, 100-, 200-, and 500-year specific and concurrent hydrographs
that approximate the specific and concurrent flows in Table 26. The 10-, 25-, 50-, 100-, 200-, and 500-year
sped~ Morrison Creek upstream boundary hydrographs were computed in the HEC-1 model, and we~
multiplied by 0.83, the conoa’mnt/specific flow ratio, to obtain 10-, 25-, 50-, 100-, 200-, and 500-year
concurrent Morrison Creek upstream boundary hydrographs. This flow ratio was adopted af~ comparing
tim specific Morrison Creek peak, 1-, 3-, and 7-day flows to the concurrent Morrison Creek peak, 1-, 3-, and
7-day flows that were predicted using the regression lines. The 10-, 25-, 50-, 100-, 200-, and 500-year
specific Stone Lak~ local upstream boundary hydrographs were t~cea from Ensign and Bucldey’s DWOPER
model of the North Delta. These hydrographs are relatively insignificant and were used as concurrent Stone
Lak~ local upstream boundary hydrographs also. The specific and concurrent upstream boundary
hydrographs (existing and future conditions) are shown on Cha~ 21 and 22, respectively.

:L Downstream

The downstream boundary of the DWOPER model is the Georgiana Slough at Mokelumne River gage.
The 10., 25-, 50-, 100-, 200-, and 500-year specific downstream boundary hydrographs were determined by
finding the 10-, 25-, 50-, 100-, 200-, and 500-year peak stages at the gage on the computed peak stage-
frequency curve (Chart 23), and multiplying the February 1986 stage hydrograph at the gage (Chart 24) by
the ratios of those peak stages to the 1986 peak stage. The 10-, 25-, 50-, 100-, 200-, and 500-year
concurrent downstream boundary hydrographs were determined by finding the return periods of the
concurrent Delta peak flows on the computed Delta peak flow-frequency curve (Chart 19), entering the
computed peak stage-frequency curve at those return periods and finding the corresponding peak stages, and
multiplying the February 1986 stage hydrograph by the ratios of those peak stages to the 1986 peak stage.
The specific and concurrent downstream boundary hydrographs (existing and future conditions) are shown on
Charts 25 and 26, respectively.
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Table 26
Specific and Concurrent Flows, ds

I lO-yr 6120 5~0 3~I0 1680 ~(~0 4170 2660 1390

lO0-rr 10~.~0 9710 $840 2930 S~O ~0 4S~O ~4~)

20(kyr 12020 107~0 6450 3240 9980 $910 ~$0 2690

~ $O0-yr 14780 13220 8010 4060 12270 10970 66~0 3370

lO-yr 11690 8300 4700 2380 9700 6890 3900 I980

i 25-y~ 14500 10110 Y770 2920 12040 8390 4790 2420

$O,yr 16~0 I 11~0 6470 3310 13350 9360 ~370 2750

lO0-yr 17580 12~40 7050 3630 14590 10160 $850 3010

200-yr 19140 13330 7700 3980 15590 11060 6~90 3300

$O0-yr 27,470 16L90 9410 4950 I~650 13440 7~10 4110

i 10~ 1850 990 610 340 1~50 990 610 340

’ 2~-)~ 1850 990 610 340 1~50 990 610 340

~Lyr 1850 990 610 340 1850 990 610 340

"’lO0-yr 1850 990 610 340 1550 990 610 340

200-yr 2580 1380 860 ~70 2580 1380 860 470

I 500-yr , 2580 1380 8.60 470 2580 1380 ~0 ,tTO

|
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E.

Charts 27 and 28 ar~ the computed existing and future condition peak stage-frequency curves at B~ch
Lake for specific Morrison Creek and Delta floods, respectively. The peak stage-frequency curves reflect the
two levee failure scenarios- failure at levee crowns and failure 2.5 feet below levee crowns.

2. Beach Lake Flow and Stage Concurrency

The concurrency of the computed flows and stages at Beach ~ from the HEC-1 and DWOPER models
affects the computed flows and stages in the Morrison Creek UNET model, which was used to determine
existing and furore condition floodplains, and will be used to determine feasible channel de.sign
configurations. Table 27 shows the 10-, 25-, 50-, 100-, 200-, and 500-ye.ar peak flows and concurrent stages
at Beach Lake for. existing and future conditions.

48
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Table 27
Beach Lake Peak Flows, cfs, and Concurrent Stages, ft MSL

~.xisting Condition Furore Condition

Hood St~e St~e How St~a St~e How

Faflur~ at Faflur~ 2.~ Failur~ ~ Failure~ 2.5
L~v~ F~t Below ~ F~t Below
Crowa L~v~ Crow~ Crow~ L~v~ Crown

lO-Tear 7.2 7.2 6120 9.4 9.4 11690

25’-year 8.0 8.0 8060 10.3 10.3 14500

50-year 8.6 8.6 9700 10.8 10.8 16080

lO0-7ear 9.8 9.8 1.0830 11.2 11.2 1.7580

200-.year 10.3 10.3 12020 11.7 11.7 i9140

.500-Tear 15.3 14780 ,I 12.9 2247014~7.,,

4.9
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No, Station Nart~ N,A,P. 0riches)

1 Downtowr~ WSO 17.78

2 Exscutive Ai’port 16.87

3 RancP~ CorOova 18.00

6 Ma~ Road 17.00

7 Elk Grove 1&90

°
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Exceedence frequency per 100 years
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CURVE STATISTICS

I 1-Day 3-Oay 7-Day l$-Oay 30-Oay
2.682 2.486 2.283 2.078 1.681

Std Oev 0.~1 0.375 0.400 0.425 0.449

I Skew -0.400 -0.400 -0.400 -0.400 -0.400

I
5 10 "20 80 100 200 600

I Exceedence interval in years
SOUTH SACRAMENTO STREAMS

! vo,~. ~.~oo~.o~
NEAR SACRAMENTO
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COSUMNES RIVER AT MICHIGAN BAR
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